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BRI X) & & B R HAK B &R R =

%, 28, TWa, AF

VLR RIS AR TARR2RE, VI8 o8 214122

FE: WA E RPN E R RS —, PEIRIEPTRORISEZ G, B A A = RIRH X, JeE1E 2
YR FWEY A5 RPN A IR, MR PO AR AW 5 M0 XA P B AR R s . ATFRERM, R4
RIS DG B, SRR AE K B B Y i 5 AR TRE I OEfE 22 5, SRITEHUIR I (BRF pH {ABSEE R 4.5,

3.5. 2.5) SBEHIARMOKFESE e (4ER% 3 KM 1 IR ) /KHE ( Oryza sativa ) ( NIETEAZHER M ), IR RN ot 4k
RVOGMERA (FEE Walz A& PAM-210 FkfiA sl ZEO00 ) 43BN r4h i . 48 . Z2 RSk famt 5
(IbFEL TN R ), BFERRIXT 22 E B WK S R TR M, A IR WAkiE . 45K, 5 CK AL, pH 4.5 IR
Ll R R 1R 5 (Fo) 54 5 T 7.69% . 8.84%, (HANHIN . Ay BEMIAZAR AR LAk 2A K S50 (qN) B 4 i T
8.64%. 4.86%. 6.09%, HAHIIHFZEBMER SO 2T (Fv/Fm), PSIIHFZBHEA(ETR), LRRFEPDGRERIACE
(PPSIN), WAL K S HU(qP) o WA, B3 A SRR YN Fv/Fm(3.01% .6.88%) \ETR(8.40% . 10.24%) . PSII(8.39% .
12.23%). qP(3.79%. 12.55%); pH 3.5. pH 2.5 BREAS[FIAR i 25 B 16 T 45 /L B i) Fv/Fm, ETR. &PSII, qP, 4N
ZAR QN, WEEREE T AE B Fo, HBERRM pH EFEAT, AfbIRERIK, R, pH 4.5 5% pH 3.5 BRIFREEMNA T, K
RS2 3053 I/ NN I B <Al M < S BERA <ZE RN pH 2.5 FRFRARLLIA T, KAESZ B0 R/ NI g 2 BER <4 B <
MR <P, B, BREPERE 5K R IOCSEAER BN R, BRI 2R 6 A4 B KR A
YRR R, I HAS R AE & AR RS G AV PR R I 0 SR A AR 22 5, s S R AP R TR I X A s e ) e 5 TR R £
KR BRW; AKHME; 2AFW; R raRuok
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FRFN (Acid rain, AR)J&4fCERTE I A] 8
Z—, ZFZ K (Menz Fil Seip, 2004). 4Pk
fdbEZ )5, THEC BN YA 1R = KRN X
(Larssen 5%, 2006), H[ERRH X F 20 FERK VLI
T A o S AR (UK, 2012),  HLEAFE R FR T
15 A A N G ARIRI R, 2010). AR
AR TN & H Lol R E Y A K kB A=
(Hu %§,2009; Koricheva %%, 1997 ; Wood Fl Bormann,
1974; Wyrwicka Fl Sktodowska, 2006; Yu &5, 2002;
#HTAI, 2005) SEEAE R IAN L RS
SEAEY A Yy A E A T e Y i AR B R . BF
SRRV EYID A AE W R i PR B A7 e ih
RSN CEVERRIFEIIEE, ol URRPEAE
BYEH EERDEA RN . PSITACE AR T304k
L AL RCE (Kummerova 45, 2006), H#EMSGA
YERI L PSI 5 PSIT RYZ5H A5 32 RIS o H i

] bR _- AR AR Y 2% 903N 1 5T 2 R
POs, IRE A BRI SE T A5 2 T 72 W (Kooten
F1 Snel, 1990; Massacci 5%, 1995), Vialita 255 i
MR RVOCSEWIFERNT, pH 1.8 LR i hiSE
&.(Phaseolus vulgaris)PSII 1%, %2, 6
REF H R F#AK (Velikova 55, 1999), Sun %%(Sun 4%,
2012)i 1o M- 2R RSO S HOI 5 e AR MR TR 52 &
WrE BHAS T K E.(Glycine max)%h e M B GHEM L,
L, SLREF ISR

YERIE KA AZ RSN a2, 8 54E
YHSERKEBIRHABIIE, B4 Y2= iRk
B, ORIR)AE R B B 0 1 58 i R RE T IR A7 TR 22
5t(Kooten F1 Snel, 1990)HALIR F 43+ 71 Ak R 45 1
(WRIESE, 2010), ZABEIBI(CEIRAESE, 2011)HIE,
HWEBRIESS:, 2010)/NE (Triticum aestivum Linn),
RIHEXECA R AR R, 3R RRFS JiE AN [A]
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ABRHAMEY), CEERRWABAN . SR, 7F
FRFNIX, Hpged: KA iR v 385 /R 45 2 B s
HAVE S KA BRI AR . XSS
HERRIEI TS P BCE SR, It S I Ts e )
BRI 1E s iR M . KRSV B AR
YEY), 2 PANEL A RAE DT 58 1 £ 05 (Lin 5%,
2013; Nakamura %, 2013; Niu %, 2013; Yang
45 2013), BT, ARSCLUKFE MIRK, RSt
RUINHAR, BFFTHRAERR I i 64k EIHI KA
M2 RIOER M, AR FPEN IR I X 44 B A
YIIREE L VR LR S 0 55 % .
1 #MREE
1.1 At

PRIEAFRH K G (Oryza sativa, TEFRG 8 5)Fh
T, JH 0.1% HeCl, 7% 10 min, £8 Tk rhyE 5
FHFRE HeCl,, KB T/KIZWEET 25 ClEHE
JERREFRAE T ZE 2 d, AR TFRATIIR, fF
K =P — O B RS A JE 5 4 (320 mmx215
mmx 100 mm)HKES, AR B 15 SRR R
RE7CEM 2 MOKREZI M, BRI 3 d B 1 IR,
HEZM—0,

B IR R [ B /K RE A 52 T (IRRT) B0 TR
Hii 77 HEmgAE B Bk (Zhu 45, 2009), Fe L) Fe-EDTA JE
AR T U T Fe BTy B84 2.00 mg-L',
[FHILA NaSiOs-9H,0 455 F2 P Si0, JFiifk
&k 120 mg- L, NH,-N HfillA 5.89 mg- L™ XU
YEREALI IR, HSO4 5% NaOH K5 57 pH
WESS,
1.2 =B AL E N LI b 18

FRAEH E R I BUIR Ak 34, 8 3 NERTN pH
2.5, 3.5, 45, LI pH 5.5 HXFIE(CK). HRIEE
FAHLIX KRR B TR (FLARSE, 2012), KT
TR A3 SR i — 5 f CaCl,. NaCl. K,SO, . NH4NO;
TERBHI KRR, Hirfr ca®, Na', K, Mg”,
SO4*, NO; Ml CI & 43514 0.83,1.32,0.15, 5.34,
0.36. 0.64. 0.47. 0.69 F11.80 umol-L"', AL
J 11 1 BERRR FASEREC K] pH 1.0 BRI FER (FLER
A5 2012 RIS, 2012), FHFR RN AR R 5 H5ED)
FIRMEK pHAEZ 2.5, 3.5 F1 4.5, J14 FE-20 5246
pH 1 H#E(Yoshida 4%, 1971), VE MW AR T
W FEHMRIWEHAH T EFRME pH 4.5, 3.5, 2.5
VERRE TR B SR

BB E=M—D0JE, KRB A SIRIES
TR AT HP LR TN e A, [ s o I T s
58 IR pH (B R AL R R VAT, CK Bt AU
FIRFEK, BB 3 d W% 1 URERTH , HRFE 25 g L X

MR MZE AR, AR BORER 300 mL,
3dAMIN 1 RE IR
1.3 $ERRNE

BB EZE PRI 1, 2
KRBT, AR BRI ME 3 K, K
B R R Walz 23 7] A2 77 1) PAM-210 Jik i il =
PENAHATARREI B IS R M o S50 2 i By
Se¥ ot G E Y 20 min, BRSSO (<0.05
pmol-m™-s™)JFMASWILGHE G Fo, MREMFIIkHE:
(12000 pmol-m™-s™") I 15 f% K b % & 7 7~ &
Fv/Fm, FTHFNEDGIEE (180 pumolm™? s, —
YRS I G A R (1 A k), 4B — e i
[ YT NS B ML, Frsihs
JERICRERIRSCE PPSII(YEHDGAETERT PSIT )5
WGREHIIRSCR R fa , SCHTERDG, 7RI RS
LA, KSR qP . AR R K S
qN. PSII (HL P& ETR WA A shit &
L ie
1.4 #iEAE

HALBRA SRR E 3 KE R, AN
3 YL R I E AR ME TR 22 (MeantSD), iz
SPSS 16.0 4, ifik LSD #:48(P<0.05) /AT b #
[i) Fry 2 5
2 H#HR
2.1 ERFT4EHI SR

1 BoR T WXL KR S R 9O SHL
M, 5 CK AL, pH 4.5 BRMf# Fv/Fm, ETR,
OPSII, P WEFEK, qN. Fo BFT&; pH 3.5
FRHI# Fv/Fm. ETR. @PSII. qP. qN i ZF&#(E,
Fo % Hi; pH 2.5 BRMIfl Fv/Fm. ETR. &PSII,
qP. qN BFFEL, Fo W&,
22 B EHTOLS SN

%2 WoR T RRTXT o BEIK R4 R PO S AL
M, 5 CK AHEL, pH 4.5 BRF{E qP B &A%,
Fv/Fm, ETR, @®PSII, Fo b AR, gN BETt
= ; pH3.5 BRI # Fv/Fm, ETR, @PSII, qP ‘&%
%, qN 22 AREE, Fo WETHE; pH2.5 BRHIfH
Fv/Fm. ETR. ®PSII. qP. qN WE[EM, Fo &
AN
23 B ZEHAR S H RN

23 B TR KR s R 0O S5
HIs . 5 CK AL, pH 4.5 BHif#i Fv/Fm. ETR.
@PSII, qP BEMEML, Fo. qN B3ETHE; pH 3.5
FRMIf# Fv/Fm, ETR, @PSII, qP. qN i HR#(K,
Fo &7t ; pH 2.5 FRM{# Fv/Fm, ETR, &PSII,
qP, gN WEFEML, Fo BEF .
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F1 BRNAEHKERRISESEIEMN
Table 1 Effects of acid rain on chlorophyll fluorescence parameters in rice at seedling stages
- TSR
& pH
Fo Fv/Fm ETR PPSII qP qN
K 0.208+0.003d 0.808+0.003a 16.7+0.7a 0.330+0.015a 0.484+0.010a 0.413+0.008b
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
4s 0.224+0.006¢ 0.78140.006b 15.3+0.6b 0.302+0.012b 0.465+0.010b 0.448+0.004a
(107.69) (96.99) (91.60) (91.61) (96.21) (108.64)
35 0.248+0.016b 0.740+0.008¢ 13.9+0.2¢ 0.276+0.003¢ 0.423+0.004¢ 0.394+0.010c
(119.07) (91.54) (83.60) (83.61) (87.46) (95.48)
’s 0.276+0.011a 0.673+0.007d 12.5+0.6d 0.247+0.012d 0.400+0.008d 0.357+0.013d
(132.85) (83.33) (74.80) (74.82) (82.56) (86.43)
RPN PIEAREZE(n=3); [EIB PO TR BIZORIEP<0.05KF 2257 3, 55 N AHIXHE
F2 BENSBEHKBHEEVOLSENRN
Table2 Effects of acid rain on chlorophyll fluorescence parameters in rice at tillering stages
B pH SIEEHITOESE
Fo Fv/Fm ETR ®PSII qP qN
K 0.199+0.005¢ 0.803+0.005a 21.440.9a 0.425+0.018a 0.531+0.005a 0.432+0.006b
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
45 0.209+0.008c 0.788+0.004a 20.4+0.2a 0.404+0.005a 0.516+0.006b 0.453+0.010a
(105.19) (98.09) (95.02) (94.98) (97.24) (104.86)
35 0.22740.011b 0.743+0.005¢ 18.2+0.8b 0.361+0.015b 0.476+0.010c 0.426+0.011b
(114.24) (92.53) (85.07) (84.94) (89.76) (98.54)
0.256+0.005a 0.691+0.002d 16.6+0.7¢ 0.328+0.014c 0.464+0.008¢c 0.389+0.006¢
. (128.64) (86.05) (77.54) (77.25) (87.44) (89.98)
R B A ERHEZE (n=3); [RIFHH ICAHIR) FRE IR e P<0.05 /K 1225 3% 55 AR
%3 BFAREHABHEREINS NN
Table 3 Effects of acid rain on chlorophyll fluorescence parameters in rice at booting stage
i pH RO SR
Fo Fv/Fm ETR ®PSII qP qN
K 0.21140.004d 0.811+0.003a 19.4+0.4a 0.385+0.008a 0.549+0.012a 0.443+0.011b
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
45 0.229+0.011¢c 0.755+0.006b 17.41£0.1b 0.338+0.001b 0.480+0.008b 0.470+0.018a
(108.84) (93.12) (89.76) (87.77) (87.45) (106.09)
35 0.264+0.005b 0.723+0.003b 15.8+0.4b 0.314+0.007¢ 0.463+0.007b 0.406+0.012¢c
(125.08) (89.11) (81.58) (81.65) (84.34) (91.58)
25 0.297+0.009a 0.616+0.010c 13.5+0.9¢ 0.269+0.018d 0.422+0.007¢ 0.349+0.008d
(140.69) (75.96) (69.88) (69.99) (76.87) (78.80)
R A PRI (n=3); [FFh ICARIR) SRR TE P<0.05 /K- E22 5 3, 55 AR
F 4 BEAEREABHEEINSERN
Table 4 Effects of acid rain on chlorophyll fluorescence parameters in rice at filling stage
B pH SIS H
Fo Fv/Fm ETR PPSII qP gN
K 0.219+0.006¢ 0.793+0.004a 18.9+0.8a 0.359+0.017a 0.575+0.013a 0.435+0.012ab
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00)
0.222+0.010c 0.804+0.008a 17.940.7a 0.356+0.014a 0.564+0.007a 0.455+0.007a
= (101.52) (101.39) (99.08) (99.08) (98.03) (104.52)
35 0.252+0.003b 0.760+0.011b 15.5+0.5b 0.308+0.011b 0.517+0.005b 0.429+0.005b
(115.07) (95.76) (85.82) (85.77) (89.86) (98.54)
55 0.299:+0.002a 0.627+0.008¢ 13.1£0.4¢ 0.259+0.008¢ 0.458+0.007¢ 0.355+0.007¢
(136.68) (78.99) (72.38) (72.28) (79.61) (81.61)

B P RERE (n=3); [FI PICAR FRE D AIFRAE P<0.05 KF L2253, 55 AR
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24 BRTRTERHE K SHM T

4 BoR T RRWXER KRS R 9OES
HI2 . 5 CK AH LG, pH 4.5 BRIGALFE T , Fo .Fv/Fm .,
ETR, @PSII, qP. qN ALY R ERE; pH 3.5
AT Fv/Fm, ETR, @PSII, qP #E &ML, N 48
AR E W2, Fo b E 45 ; pH 2.5 FRFUE Fv/Fm.,
ETR. ®PSII. qP. qN W3FEM%, Fo B3I,
3 g

4k 28 56 D' S I AT 3 gk JG 49 SR I R i
D7 T MR A 10 5 s Y i S AR i SRR A
HSE, HUPEN A MU DI RE R ST b XHES)
SN, PRIDGA PR 5252 I 3843 (Speranza 45,
2011; ZEHESE, 20065 JMT5F, 2002), JZWHTF
10358 J 38 X5 AR ' B AR R el 1) A0 5 (L VR A
2005), WIHZEE Fo J2& PSIT S H Uy 4B Tt i
5, HTb i PSIL S H o0 vl 38 sl A ] 5 2 17
(FEES, 2002); Fv/Fm i OBfbai 7o,
S PSIT 2 W H O RIS RE S #easofe, IEH &4 T
ZSBAZ YRR, 5T R TR
(FRHEH PN, 2006); PPSIIZFAEEMA T, PSI
SN LB A3 O S ) SE PR IR RESHRAZCR , IR
S PSIL 2 g Hs b2 s SRl % s ETR Jz sk
oo T Y2 AL R0% . qP A gN S84 g
FIF g b G RGBT ER , qP FEILR
JCREREALRCR NS 1 PSIT FUREIRIS/D , ARSI
B TAEIBRE SIS, MR K2 gN FEAIG
FEHH PSIT AP LI 32 B8 4% , i sk e 2 it
— X} PSIL Hu0r it % % (Sharma 45, 1998),

IKFELE], pH 4.5 BRFR A T Fo Ml gN F+#&1,
Fv/Fm, @®PSII. ETR. qP FF%, FW pH 4.5 IR
SEOKFELT PSIL R DR, Ao &8
B, SeAVERSZamd], st e ok R e
FE2ERCR AT BRI O ERE (RS, 2000),
ERTAFE R B PSIT S A0 32 461 2 0 55 FEL T-15 3
B T IRE AR OOR FE BR L = Ot RE m AR B
PSI”( Arbinson %5, 1990)A9X 5 —2k, il i< n]
AR IR H S T KRG ek ThaE, %
PSII i BCEENA . SRR pH FE 3 3.5 3 2.5 B, 7KF
41# Fo &, Fv/Fm. ®PSII, ETR, qP fl gN F
[, PSIT {EPEFORIGRIPHLEIZ 4, EHRERRR pH
(ERFRI N, IR (pH 3.5 il pH 2.5)F:3K
A R, diifubi A ke JIRER(Livingstone
&, 2001), AR LRI Z I (Hattab 5,
2009), SCREFIHACRRER, QA HB b N BiARR
QA My, HFLEae)I TRE, Mt Tk be
W2t — %t PSTT HL s 5 3 , AR TOEH
YEH(Qiu 5%, 2013), X 1] REZALF 2 i IR KRR AR

DN, SEETERIED, gAY PSIL 5 2B TS
YR, YR E TR N, LE ARG
ZEMGE, R R KRS R 5 S R RN E
B U

KAESYEEW, pH 4.5 BRFIFZEIAT Fo.
Fv/Fm, ®PSII, ETR LR EZES, qP T, N T+
=, 2B pH 4.5 BRI AT, PSI AR SEREARE
T 50 MG A AR ) T R B R AR 2 AR HLFH Tk
RN, ZAaERE LIE e, R sh TRE
AEL TR ARG S AU LA e T 32 21 R TR B
A4 % (Horton 4§, 1991 ; Demmig-Adams 5, 1990;
Demmig-Adams Fl Adams %5, 1992), H TR
INFATE I, X T RE BT A BE KRS A KA RE
BE YUSRE S B BR TR RR S0 IF A/ N T4 0
., MEH pH HFEZ 3.5 8% 2.5 I, KRG/ EEW]
Fo J+#&, Fv/Fm, ®PSII, ETR, qP. gN Ff¥, %
AR ARG Y PSRRI ERERL LR RRAIK, i i T
ZRH, PFERWLRIARG s, SEOCEERZMS,
HFFEIEEE /N T4, R R IR W T 2 BE
KRG R T, X TRt TR BE)R
FHREBA KM E TR, AW masE, KR
REJIam, MRBEA iy Jyam, Sehuii gl i s, PSI
Z R T R B DT I R

IKAEAREY], 16 pH 4.5, 3.5 Fl 2.5 BRI HF2ei
38T Fo %74, Fv/Fm, ®PSII, ETR. qP ¥ Ff#,
ifii qN 7£ pH 4.5 FRIMHE A TS, 76 pH 3.5 1 2.5
FRTR MBI TR, Bl pH (EREARREIREIG K, KA
PR T pH {ERIRFAR, Z2REI KRG PSTT SZ 40 Mok ™
#; HIA pH {EREH PR, 224 FR bR AR
KT AR BERY , R 22 R AR RN e
AU, X T RE R TR AR T2 A A ey
T, FRWFE N2 R R m T ARSI T
FAN R, ST KRS BT84 AN R
P, FeIRH PSIT X TG T5 YUk

IKFEHE I, pH 4.5 BRI HRELE T & 45 hR1Y
TR E#ES, pH 3.5 BRWIEFLEMNA T Fo THE,
Fv/Fm, @PSII, ETR, qP Ff%, qN LR #E%ER,
H BRI PR Aabn AR bR BN . o
BEWIFIZEAE , B pH 4.5 5% 3.5 BRESHRELIG Tk
i 32 2 053 K/ NS ) <At W <o BE ] <2
B, XA TTRE RN IR E e iUE R K, ot
AR KW, AREBBETRE, MRWPNE
it S P 5 S TR kT s ] ) 7R T 2 ek 7 R )
iR TR AP PR T B 1T pH 2.5 BRI FREEA T
HEI KRS Fo JHE, Fv/Fm., @PSII, ETR. gP.
QN TR, SHAB=AFYMLL, KFEZEMEKR
INFAEE N Sy BES <4 T IV <R <2 RN, Xl RE
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T pH 2.5 FRFEKFE /- PSIT 2 E 3241, BRI
FRELia 2 I AR A B A, AR,
TSI KRG 205 ™

FRF AT, pH 4.5 BRI W E5m T 2,
ZHREWIM S R DOCBEL, XA BRI R -4 K
PIECSHOC T E T . pH 3.5 BRI EIAS 6] 2 B 1
FEF YRRV S R B E A, Bt pH H
e AR RE BE ] LU SR B 25 42 B W R bk
5, SCUREh R R KRR R
4 Z5ig

BRI Y a T, BRFNERIE 5KREM Rtk
DN AFAET -0 e FR 5 X HEAS ) AE B /KA
PSS HEME AT, BRI X 22K RS9 e S50
Wit R, ZE R K R de fER, RN [R A= & K
A PRI A BT AAfE 225 o [FIBTRRLRR
MMHE T, BRWXAFE A& KR AR R
M 1,25 2 A RO, AR e v i JE TR T 3 (pH 2.5 TR
W), DCEERE PR FE A W i 7R B R R
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Effects of acid rain on the chlorophyll fluorescence reaction in rice
at the whole growth stages

WANG Wen, LI Man, WANG Lihong, ZHOU Qing"

School of Environmental and Civil Engineering, Jiangnan University, Wuxi 214122, China

Abstract: Acid rain is one of the global environmental issues. China has become the third largest acid rain region behind Western
Europe and North America. Photosynthesis is the physiological basis of biomass and yield formation of plants, and chlorophyll
fluorescence is commonly used for evaluating the damage of stress to photosynthesis of plants. Previous studies showed that acid rain
influences the chlorophyll fluorescence of plants. However, the stress resistance of plants varies with the growth stage of plants. In
the present work, the effects of acid rain on chlorophyll fluorescence of rice (Oryza sativa) at the whole growth stages (from seedling
stage, tillering stage, booting stage and filling stage) were investigated, and none relevant reports have been published so far. Rice
(from seedling stage to filling stage) were continuously treated with simulated acid rain (pH value of acid rain were 4.5, 3.5, 2.5) or
control rain (sprayed every three days). The control leaves and acid rain-treated leaves of rice were sampled at seedling stage,
tillering stage, booting stage and filling stage, respectively, to measure the chlorophyll fluorescence parameters with an in situ
nondestructive testing technology (pulse modulation Chlorophyll Fluorometer PAM-210, Heinz Walz GmbH, Germany). The results
showed that when rice was treated with acid rain at pH 4.5, initial fluorescence (Fo) at seedling stage and booting stage were
significantly increased 7.69% and 8.84%, non-photochemical quenching coefficient (qN) at seedling stage, tillering stage and booting
stage were significantly increased 8.64%, 4.86% and 6.09%, maximal chlorophyll fluorescence (Fv/Fm), electron transport rate of
PSII (ETR), effective quantum yield of photochemical energy conversion of PSII (@PSII), photochemical quenching coefficient (qP)
at seedling stage and booting stage were significantly decreased, the decreased degrees were 3.01% and 6.88% (Fv/Fm), 8.40% and
10.24% (ETR), 8.39% and 12.23% (®PSII), 3.79% and 12.55% (qP), respectively. Acid rain at pH 3.5 and pH 2.5 significantly
decreased the Fv/Fm, ETR, @PSII, qP and qN in rice at whole stages except increases in the qN at booting stage/filling stage and Fo
at all stages of rice, moreover, the change degrees were increased as the pH value of acid rain was decreased. In addition, when rice
was continuously treated with acid rain at pH 4.5 or pH 3.5, the extents of damage to rice at different growth stages showed the
following order: filling stage <seedling stage <tillering stage <booting stage, however, when rice was continuously treated with acid
rain at pH 2.5, the extents of damage to rice at different growth stages showed the following order: tillering stage <seedling stage
<filling stage <booting stage. In conclusion, acid rain performed a dose-effect relationship on chlorophyll fluorescence parameters in
rice. The continued stress of acid rain had obvious effects on photosynthesis in rice at whole stages, but the sensitivity of
photosynthesis in rice to the stress of acid rain varied with the growth stage of rice. These differences should be considered in
evaluating the effects of acid rain on plants.

Key words: acid rain; rice; whole growth stages; sustained; chlorophyll fluorescence



